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CONVECTION PUMP AND METHOD OF
OPERATION

STATEMENT OF GOVERNMENT SUPPORT

This 1nvention was made with government support under
Contract No. DE-AC02-05CH11231 awarded by the U.S.
Department of Energy. The government has certain rights 1n
this mvention.

RELATED APPLICATIONS

Not applicable.

TECHNICAL FIELD

This disclosure relates generally to apparatus and methods
for pumping gases, and more particularly apparatus and
methods for pumping gases using a thermal gradient.

BACKGROUND

A pump 1s a device that can move a fluid (1.e., a liquid or
a gas). For example, a pump can transport a fluid from one
location to another location. Most pumps operate by a
mechanical action.

SUMMARY

In some embodiments, a convection pump may include a
pipe, a substantially helical or screw-shaped baflle disposed
or mounted inside of the pipe, a device to heat one side of
the pipe, and a device to cool the opposite side of the pipe.

One 1mnovative aspect of the subject matter described in
this disclosure can be implemented by an apparatus includ-
ing a chamber having an inlet at a first end of the chamber
and an outlet at a second end of the chamber. The chamber
further includes a first surface and a second surface, the first
surface being opposite to the second surface. A baflle having
a substantially helical shape 1s disposed 1nside the chamber.
A heating device 1s configured to heat the first surface of the
chamber. A cooling device 1s configured to cool the second
surface of the chamber.

In some embodiments, the chamber 1s a pipe. In some
embodiments, the chamber 1s a pipe having a cylindrical
shape. In some embodiments, the chamber 1s a pipe having
a substantially circular cross-section. In some embodiments,
the chamber has a non-cylindrical cross section, such as
square, rectangular, or hexagonal. In some embodiments, the
chamber has an oval cross section. In some embodiments,
the chamber 1s fabricated from a matenal selected from the
group consisting of a metal, a ceramic, a composite, a glass,
a polymer (e.g., a plastic), and concrete.

In some embodiments, the heating device includes a
dark-colored surface 1n thermal contact with the first surface.
In some embodiments, the cooling device 1s selected from
the group consisting of a radiative cooling device, a con-
vective cooling device, a heat pump, and a thermal reservorr.

In some embodiments, the first surface i1s substantially
parallel to a vertical direction, and the second surface 1s
substantially parallel to the vertical direction. In some
embodiments, an axis or a central chord of the chamber lies
along a substantially straight line. In some embodiments, an
axis of or a central chord of the chamber has a coiled
configuration. In some embodiments, the chamber 1is
arranged 1n a coiled configuration.
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In some embodiments, the apparatus further includes an
insulating material separating the first surface and the sec-
ond surface. In some embodiments, the insulating material
includes a rubber material or a plastic material. In some
embodiments, the insulating material includes a rubber
gasket or a plastic gasket. In some embodiments, the first
surface and the second surface are configured to be sepa-
rable from one another.

In some embodiments, a cross section of the chamber
decreases from the inlet of the chamber to the outlet of the
chamber.

Another 1nnovative aspect of the subject matter described
in this disclosure can be implemented by a method which
uses an apparatus as described herein. The apparatus
includes a chamber, the chamber having an 1nlet at a first end
of the chamber and an outlet at a second end of the chamber.
The chamber further has a first surface and a second surface,
the first surface being opposite to the second surface. A
baflle having a substantially helical shape 1s disposed nside
the chamber. A heating device 1s configured to heat the first
surface of the chamber. A cooling device 1s configured to
cool the second surface of the chamber. The first surface 1s
heated and the second surface 1s cooled. Heating the first
surface and cooling the second surface transports a gas from
the first end of the chamber to a second end of the chamber.

In some embodiments, the first surface and the second
surface are disposed along a substantially horizontal plane.

Details of one or more embodiments of the subject matter
described 1n this specification are set forth 1n the accompa-
nying drawings and the description below. Other features,
aspects, and advantages will become apparent from the
description, the drawings, and the claims. Note that the
relative dimensions of the following figures may not be
drawn to scale.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-3 show example of schematic illustration of a
convection pump.

FIG. 4 shows an example of a cross-sectional schematic
illustration of a convection pump.

FIG. 5 shows an example of a schematic 1llustration of a
convection pump.

FIG. 6 shows an example of a tlow diagram illustrating a
method of operation of a convection pump.

DETAILED DESCRIPTION

Introduction

As noted 1n the BACKGROUND section, most pumps
operate by mechanical action. For example, some pumps use
mechanical action to change the volume of a chamber to
pump a tluid. That 1s, pumping action i1s achieved using a
variable volume.

Disclosed herein 1s a pump (1.e., a convection pump) that
produces a pumping action without changing the dimensions
of a chamber. In some embodiments, the convection pump
has no moving parts. In some embodiments, the convection
pump may be able to pump a gas. In some embodiments, the
convection pump also may be able to compress a gas. In
some embodiments, the energy mput to the convection pump
to pump the gas 1s heat. For example, 1n some embodiments,
the convection pump may be used to move air horizontally
from one location to another location.

Reference will now be made 1n detail to some specific
examples of the mmvention including the best modes con-
templated by the inventors for carrying out the invention.
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Examples of these specific embodiments are illustrated 1n
the accompanying drawings. While the invention 1s
described 1n conjunction with these specific embodiments, 1t
will be understood that 1t 1s not intended to limit the
invention to the described embodiments. On the contrary, 1t
1s intended to cover alternatives, modifications, and equiva-
lents as may be included within the spirit and scope of the
invention as defined by the appended claims.

In the following description, numerous specific details are
set forth 1n order to provide a thorough understanding of the
present invention. Particular example embodiments of the
present invention may be implemented without some or all
of these specific details. In other instances, well known
process operations have not been described 1n detail in order
not to unnecessarily obscure the present invention.

Various techniques and mechanisms of the present inven-
tion will sometimes be described in singular form for clarity.
However, 1t should be noted that some embodiments include

multiple 1terations of a technique or multiple instantiations
ol a mechanism unless noted otherwise.
Apparatus

Embodiments disclosed herein relate to apparatus and
methods of pumping gases. In some embodiments, a con-
vection pump includes a chamber or an enclosure that 1s
disposed 1 a substantially horizontal plane. In some
embodiments, the chamber has a cylindrical or a substan-
tially cylindrical shape (e.g., a pipe, tube, or hose). The
chamber 1ncludes an 1nlet at one end of the chamber and an
outlet at the other end of the chamber. A helical bafile i1s
disposed in the chamber along the axis of the chamber.

In operation, a thermal gradient between two sides of the
chamber 1s created, with the two sides being substantially
perpendicular from the substantially horizontal plane. The
two sides are also substantially opposite one another; for
example, the two sides may be located on the two ends of a
diameter through a cross-section of a cylindrical chamber,
along a substantially horizontal direction. The gas being
pumped by the convection pump tlows into the cylindrical
chamber through the inlet and out of the chamber through
the outlet. During operation, the gas being pumped by the
convection pump 1s heated and cooled, which causes the gas
to rise and fall, transporting the gas from the inlet of the
convection pump the outlet of the convection pump.

In some embodiments, the 1nlet of the convection pump 1s
located such that gas flowing into the chamber first encoun-
ters the heated or cooled side having the largest difference
from the temperature of the gas. For example, a thermal
gradient between two sides of the chamber may be estab-
lished by heating one side using solar energy and cooling
one side using fins (1.e., extended surfaces that increase the
rate of heat transfer to the environment by increasing
convection) at room temperature. When the gas tlowing into
such a convention pump 1s at room temperature, the inlet
may be positioned such that the gas {first encounters the
heated, side. The heated surface will heat the gas and cause
some of the gas 1n the chamber to rise. The helical batile will
force some of the gas horizontally as it rises. The gas passes
over the axis of the baille and contacts the cooled surface.
The gas will cool, which will cause it to descend. The baflle
translates this tendency of the gas (1.e., rising due to the hot
surface and descending due to the cool surface) into further
horizontal motion 1n the same direction.

FIGS. 1-3 show examples of schematic illustrations of a
convection pump. FIG. 2 shows a cross-sectional schematic
illustration of a top-down view of a convection pump. FIG.
1 shows a cross-sectional schematic 1llustration of the con-
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4

vection pump though line 1-1 of FIG. 2. FIG. 3 shows an
1Isometric view of a convection pump.

As shown 1 FIGS. 1-3, a convection pump 100 includes
a chamber 110 having an inlet 115 and an outlet 125. A
helical baflle 140 (not shown 1n FIG. 1) 1s disposed within
chamber 110. The convection pump 100 includes a wall 112
that 1s heated when the pump 1s 1n operation. The convection
pump 100 further includes a wall 114 that 1s cooled when the
pump 1s 1n operation.

In operation of the convection pump 100, gas flows 1nto
the chamber 110 through the inlet 115 and out of the
chamber 110 through outlet 125. The gas 1s heated by the
wall 112, causing it to rise. The batile 140 causes the gas to
translate 1n the direction of the outlet 125 as 1t rises, and the
gas will rise so that it 1s over the batile 140 1n the process.
The momentum of the gas will then carry i1t over the baflle
140, so that 1t comes 1n contact with the wall 114. The wall
114 will cool the gas, and the reduction 1n the gas density
due to the cooling will cause the gas to fall. The batlle will
then cause the gas to translate again 1n the direction of the
outlet 125, whereby the process will repeat itself until the
gas reaches the outlet 125 and leaves the chamber 110.

In some embodiments, when the gas includes particulate
matter, the particulate matter may move under the mecha-
nism of thermophoresis from the hot wall 112 to the cold
wall 114, causing the matter to become deposited on the
colder side. Thus, the gas may also be filtered as it 1s being
transported by the convection pump 100 from the 1nlet 115
to the outlet 125.

In some embodiments, the chamber 110 1s a cylinder (1.e.,
a chamber having a circular cross section) or a pipe. Other
chamber shapes are possible. For example, in some embodi-
ments, a cross section of the chamber 110 may be square,
rectangular, or hexagonal. In some embodiments, a cross
section of the chamber 110 may be an ellipse, with the major
axis ol the ellipse being oriented in a vertical direction. In
some embodiments, the chamber 110 may have an oval-
shaped cross section. In some embodiments, when the
chamber does not have a circular cross section, there may be
greater heat transfer between the heated surface and cooled
surface (1n some applications).

The chamber 110 may be of any length needed to accom-
plish the desired gas pumping. In some embodiments, a
pump may be made by connecting a plurality of the cham-
bers 110 together in a modular fashion. For example, the
outlet 125 of one chamber 110 could be attached to the inlet
115 of another chamber 110. This may allow for making a
pump of a desired length, with one size of the chamber 110
being manufactured. In some embodiments, the chamber
110 may be made from any readily-obtained structure for
fluid conveyance, such as a pipe (e.g., having a cylindrical
or a non-cylindrical 1n cross section), a tube, a hose, or a
channel. In some embodiments, the chamber 110 may also
be tapered along the direction of the intended flow of gas.
For example, when the chamber 110 has a circular cross
section, the diameter of the circle may decrease from the
inlet 115 to the outlet 125. A chamber with a tapering cross
section would allow for a tailoring of the exit pressure and
flow relative to the inlet pressure and tlow. In some embodi-
ments, the axis of the chamber 110 may not be a straight line.
For example, the chamber 110 may be bent do follow a
desired contour.

The chamber 110 may be constructed of any material
capable of being formed into the desired shape. For
example, 1n some embodiments, the chamber 110 may be
formed from a metal, a polymer (e.g., a plastic), a ceramic,
a glass, or concrete. In some embodiments, the chamber may
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be fabricated to reduce the thermal conductivity between the
wall 112 and the wall 114. For example, 1n some embodi-
ments, the chamber 110 may be formed from a thin material
or material which thins as 1t approaches the axis or chord of
the chamber; this may enable good heat transter from the
walls 112 and 114 and reduce the parasitic heat conduction
from the wall 112 to the wall 114 through the batile.

As another example, 1n some embodiments, the wall 112
and the wall 114 may be formed from a conducting material
and an msulating material may be disposed between the wall
112 and the wall 114. This may be done, for example, by
splitting a tube along a diameter, and then joining the two
halves of the tube with an insulating material. In some
embodiments, the connection between the two halves of the
tube 1s air-tight; 1.e., the connection does not allow for gas
flow between the two halves. Further, 1n such a configura-
tion, the walls 112 and 114 of the convection pump 100 may
be separable. For example, the walls 112 and 114 could be
separated for cleaning the convection pump 100. In some
embodiments, the walls 112 and 114 may be connected with
many different techniques and devices, including removable
devices, such as screws or quick release fasteners. Such an
embodiment 1s shown 1n FIG. 4.

FIG. 4 shows an example of a cross-sectional schematic
illustration of a convection pump 400. The convection pump
400 shown 1n FIG. 4 may be similar to the convection pump
100 shown 1n FIGS. 1-3 with the addition of an insulating
maternal separating the two sides of the convection pump.
The convection pump 400 includes a chamber 410. The
convection pump 400 includes a wall 412 that 1s heated and
a wall 414 that 1s cooled when the pump 400 1s 1n operation.
Separating the walls 412 and 414 1s an 1nsulating material
416. In some embodiments, the insulating material includes
a polymer (e.g., a plastic or a rubber), a glass, or a ceramic.

In some embodiments, the convection pump 100 includes
the helical baflle 140. The helical baflle 140 1s a structure
shaped as a helix or a screw. In some embodiments, the edge
(e.g., made of the spiral shaped vane arranged around a solid
axis) of the helical baflle 140 1s sealed to the inside wall of
the chamber 110 so that a gas cannot pass between the edge
and the inside of the chamber 110. The helical batile 140
may be constructed of any matenal. For example, 1n some
embodiments, the helical baflle 140 may be formed from a
metal, a polymer (e.g., a plastic), a ceramic, a glass, or
concrete. In some embodiments, the helical baflle 140 may
be formed to 1increase heat transier to the gas from the heated
wall 112 and the cooled wall 114 but to reduce conductive
heat transfer from heated wall 112 to the cooled wall 114.
For example, 1n some embodiments, the edge of the spiral
shaped vane arranged around the axis of the helical baflle
140 may be thicker where it contacts the mnside wall of the
chamber 110 and thinner closer to the axis of the helical
batlle 140. In some embodiments, the helical batlle 140 may
be able to be removed from the chamber 110 so that 1t can
be cleaned, for example.

The wall 112 may be heated with a number of different
energy sources. For example, 1n some embodiments, the
wall 112 may include a resistively heated device disposed on
the wall that may be heated with electricity. In some
embodiments, the wall 112 may be heated with solar energy.
For example, in some embodiments, the wall 112 may be a
dark color so that surface of the wall may absorb solar
energy.

When the wall 112 1s heated with solar energy, 1n some
embodiments a dark-colored surface may be disposed on the
interior of the chamber 110 proximate the wall 112. The wall
112 may be a clear material that allows for the transmission
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ol solar energy, with the colored surface heating up so that
the convection pump 100 operates.

The wall 114 may be cooled by a number of different
mechanisms. In some embodiments, the wall 114 may
include a plurality of fins (shown as 180 1n FIG. 3) extending
from the wall which may allow for heat dissipation to the
environment; such a cooling mechanism may be used when
the wall 112 1s heated above room temperature. In some
embodiments, the wall 114 may be 1n thermal contact with
the cold side of a heat pump or reservoir; such a cooling
mechanism may be used when the wall 112 1s in contract
with a thermal reservoir at room temperature.

While not intending to be limiting, 1t 1s believed that the
operation of the convection pump relies upon the i1deal gas
law, such that any compressible fluid which substantially
follows the 1deal gas law can be pumped by 1t. The pertor-
mance of the convection pump depends upon density dif-
ferences between a hot gas and a cold gas, and will improve
with increases in the gas pressure, with increases in the
temperature difference between the hot side and the cold
side, and with increases in the size of the pump (e.g., both
increasing the cross sectional dimensions of the pump and
increasing the length of the pump).

The convection pump 100 could be implemented wher-
ever there 1s a surface (e.g., a flat surface) that 1s heated or
cooled relative to the ambient temperature. Such surfaces
may exist 1 industry, and the convection pump could be
used to pump a gas related to the industrial process produc-
ing the heating or cooling. For example, one or more
convection pumps 100 could be arranged on such a surface.
When a surface includes more than one convection pump
100, each pump could operate independently of the other
pumps. Alternatively, the plurality of convection pumps 100
could be arranged from top to bottom in series (e.g., the
outlet 125 of one convection pump 100 connected to the
inlet 1135 of another convection pump 100, with the convec-
tion pumps having alternating pumping directions due to the
alternating chirality of the helical baflles 140 1n the convec-
tion pump 100). For example, a top pump may have a
right-handed helical batile, the next lower pump may have
a left-handed helical batfile, and the next lower pump may
have a right-handed helical batile, and so on.

FIG. 5§ shows an example of a schematic illustration of a
convection pump. The convection pump 500 shown 1n FIG.
5 may be similar to the convection pump 100 shown 1n
FIGS. 1-3, with the chamber 510 of the convection pump
500 arranged 1n a spiral manner or coiled about an axis 501.
In some embodiments, on the exterior of the coil-shaped
chamber 510, a plurality of fins 570 may be disposed to cool
the exterior (e.g., the outer circumierence) of the coil-shaped
chamber. In some embodiments, the coil-shaped chamber
510 may be disposed inside of a pipe 350, with the pipe
having a plurality of fins on its exterior surface for cooling.
In some embodiments, a heat source may be disposed on the
interior of the coil-shaped chamber 510. For example, the
heat source could be an airstream carrying waste heat from
an industrial process. Alternatively, the convection pump
500 could be disposed about a tube or column carrying a hot
fluid created 1n an industrial process. Thus, a thermal gra-
dient could be established between the outer circumierence
(1n thermal commumnication with the pipe 550) and the 1nner
circumierence of the coil-shaped chamber 510. With such a
convection pump 500, gas may enter though inlet (not
shown) and be pumped to an outlet 525.

In some embodiments, the chirality (e.g., right handed-
ness or leit handedness) of the helical batlle 540 within the

coil-shaped chamber 510 could be specified so that a gas 1s




US 9,702,351 B2

7

pumped from the bottom of the chamber to the top. That 1s,
the chirality of the helical batlle will determine in-part the
direction that gas 1s pumped; which surface 1s heated and
which 1s cooled will also determine the direction that the gas

1s pumped. 5
Method

The concept of operation of a convection pump 1s that gas
or vapor on the heated side of the pump 1s at substantially the
same pressure as that on the cooled side of the pump, at least
from one segment to the next; the segments are defined by 10
the helical batlle. Because the temperature 1s different on
cach side of the pump, the density of the gas on the hot side
will be less than the density of the gas on the cold side.
Gravity will pull the gas on the cold side down, and this will
cause gas on the hot side to rise. The helical baflle then 15
converts this rise or fall of gas 1into pressure and/or motion
along the pump axis. The direction of gas motion along the
pump axis 1s determined by the handedness of the helical
batlle; 1.e., whether the helical baflle 1s a right handed helix
or a left handed helix). This process 1s independent of the 20
pressure 1n the gas, making the pump capable of compress-
Ing gas.

For example, gas may enter the inlet of a convection
pump and encounter a hot surface. The hot surface heats the
gas, which then rises. A baflle routes the rising gas axially 25
towards an outlet of the pump as 1t rises, with the momentum
of the gas carrying it over the axis of the batile. The gas then
encounters a cool surface. The cools surface cools the gas,
which then falls or sinks. The baflle routes the rising gas
axially towards the outlet of the pump as it falls, with the 30
momentum of the gas carrying 1t under the axis of the batile.
The gas then encounters the hot surface again.

This process 1s repeated until the gas reaches the outlet,
the number of times the process 1s repeated depending on the
number of turns of the baflle. Further, depending on the 35
geometry of the baflle, the gas at the outlet may be a higher
pressure or a lower pressure than the pressure of the gas at
the inlet. In cases where the outlet 1s of a larger cross-
sectional dimension (e.g., diameter) than the inlet, the outlet
pressure may be reduced. In cases where the outlet 1s of a 40
smaller cross-sectional dimension (e.g., diameter) than the
inlet, the outlet pressure may be increased.

FIG. 6 shows an example of a tlow diagram 1llustrating a
method of operation of a convection pump. At block 605 of
the method 600, a convection pump 1s provided. The con- 45
vection pump may include any of the embodiments of
convection pumps disclosed here. At block 610, a first
surface ol a chamber of the convection pump 1s heated and
a second surface of the chamber 1s cooled. At block 615, a
gas 1s transported from the inlet to the outlet of the chamber. 50
Conclusion

There are many different applications, including industrial
applications, of embodiments of the convection pump dis-
closed herein. For example, embodiments of the pump may
be used to pump a gas, to heat a building, or for air exchange 55
in a building. Embodiments of pump may be used to
compress air (1.e., a thermal gradient driven air compressor).

In some embodiments, the compressed air may be used to
cool a building or a chamber, as compressed air can be used

to pump heat (1.¢., to transfer heat energy from a heat source 60
to a heat sink against a temperature gradient). In some
embodiments, the pump may be used as a solar thruster for

an airship or spacecratt.

In the foregoing specification, the invention has been
described with reference to specific embodiments. However, 65
one ol ordinary skill 1n the art appreciates that various
modifications and changes can be made without departing
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from the scope of the invention as set forth in the claims
below. Accordingly, the specification and figures are to be
regarded in an 1llustrative rather than a restrictive sense, and
all such modifications are intended to be included within the
scope of mvention.

What 1s claimed 1s:

1. An apparatus comprising: a chamber containing a fluid,
the chamber having an inlet at a first end of the chamber and
an outlet at a second end of the chamber, the chamber having
a first interior surface and a second interior surface, the first
interior surface having a temperature higher than the second
interior surface; a baflle having a substantially helical shape
disposed 1nside the chamber; a heating device configured to
heat the first interior surface of the chamber, and a cooling
device configured to cool the second interior surface of the
chamber.

2. The apparatus of claim 1, wherein the chamber 1s a
pipe.

3. The apparatus of claim 1, wherein the chamber 15 a pipe
having a substantially circular cross section.

4. The apparatus of claim 1, wherein the chamber 1s
tabricated from a matenal selected from the group consist-
ing of a metal, a ceramic, a composite, a glass, a polymer,
and concrete.

5. The apparatus of claim 1, wherein the heating device
includes a dark-colored surface 1n thermal contact with the
first surface.

6. The apparatus of claim 1, wherein the cooling device 1s
selected from the group consisting of a radiative cooling
device, a convective cooling device, a heat pump, and a
thermal reservorr.

7. The apparatus of claim 1, wherein the first surface 1s
substantially parallel to a vertical direction, and wherein the
second surface 1s substantially parallel to the vertical direc-
tion.

8. The apparatus of claim 1, wherein a central chord of the
chamber lies along a substantially straight line.

9. The apparatus of claim 1, wherein the chamber has an
oval cross section.

10. The apparatus of claim 1, wherein the chamber 1s
arranged 1n a coiled configuration.

11. The apparatus of claim 1, further comprising: an
insulating material separating the first surface and the sec-
ond surface.

12. The apparatus of claim 11, wherein the first surface
and the second surface are configured to be separable from
one another.

13. The apparatus of claim 1, wherein a cross section of
the chamber decreases from the inlet of the chamber to the
outlet of the chamber.

14. An apparatus according to claim 1, wherein the
heating device 1s disposed on the exterior of the chamber.

15. An apparatus according to claim 1, wherein the
apparatus 1s a pump.

16. An apparatus according to claim 1, wherein the
cooling device 1s disposed on the exterior of the chamber.

17. The apparatus of claim 1, wherein the heating device
1s disposed on the interior of the chamber.

18. A method comprising: providing an apparatus includ-
ing: a chamber, the chamber having an inlet at a first end of
the chamber and an outlet at a second end of the chamber,
the chamber having a first surface and a second surface, the
first surface being opposite to the second surface; a baflle
having a substantially helical shape disposed inside the
chamber; a heating device configured to heat the first surface
of the chamber; and a cooling device configured to cool the
second surface of the chamber; heating the first surface and
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cooling the second surface, wherein heating the first surface
and cooling the second surface transports a gas from the inlet

to the outlet.
19. The method of claim 14, wherein the first surface and

the second surface are disposed along a substantially hori- 5
zontal plane.
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